Twenty-two cases of diaphragmatic hernia, presenting from 1978 to 1982, were reviewed. Sixteen patients presented before 24 hours of life, of whom nine survived (56%). Six were late presenters who all did well. Seven babies had ten documented episodes of persistent foetal circulation (PFC) occurring as early as three hours postoperatively, although three babies had episodes in their second week. Hyperventilation, with hand bagging, was successful in treating five out of six episodes of PFC (83%), without complication. Tolazoline caused improvement in two out of four episodes of PFC but was associated with significant complications. We recommend early and sometimes persistent use of hyperventilation by hand bagging as a means of managing PFC in diaphragmatic hernia.
Congenital diaphragmatic hernia maintains a considerable mortality especially in those patients presenting within the first 24 hours of life. Early diagnosis, advances in initial management and transportation do not seem to have markedly reduced this mortality. Much attention has been drawn to the problem of persistent foetal circulation (PFC) with its associated pulmonary hypertension as being a significant factor in this mortality despite the use of manual hyperventilation and new pharmacological agents such as tolazoline. 1 ,2 A five-year review of cases of diaphragmatic hernia presenting to Princess Margaret Hospital, Perth, Western Australia (PMH) from 1978 to 1982 is presented with special reference to the influence of PFC in this condition, METHODS Princess Margaret Hospital (PMH) is the sole referral unit for the neonatal surgery in Western Australia. All cases of congenital diaphragmatic hernia, which survive the immediate period of presentation and transport from peripheral centres, are managed at this hospital. Cases of congenital diaphragmatic hernia, presenting over a five-year period from January 1978 to December 1982, were reviewed. Diagnosis, type of defect and associated anomalies were confirmed at operation or autopsy. Eventration of the diaphragm was excluded from this study.
Episodes of persistent foetal circulation (PFC) were recorded if there was documentation of this diagnosis by the clinician in charge of the case. This excluded other causes of deterioration, including other anomalies and mechanical ventilatory problems. PFC was managed either with tolazoline intravenously as a bolus with or without infusion or hyperventilation with rapid hand bagging for various lengths of time. Complications of treatment were recorded. Response to treatment was assessed by improvement in oxygenation of at least 10 mmHg on pre-and post-treatment blood gases at similar inspired oxygen concentrations, or if there was an appreciable reduction in the required oxygen concentration. The posttreatment blood gas was taken after restabilisation on usual ventilation mode.
The cause of death in nonsurvivors was determined from autopsy findings.
RESULTS
Twenty-two patients (12 male, 10 female) presented to PMH over the five-year period with 19 (86070) of the Bochdalek variety and three of the Morgagni type of abnormality. Seventeen (89070) of 19 Bochdalek types were left-sided while the three Morgagni types were right, left and bilateral. Mean birth weight and gestation were 2725 grams and 40.7 weeks respectively. No patients had prenatal diagnosis although at least three cases had routine antenatal ultrasounds. Hydramnios was observed in two cases (9070). Mean Apgar at 5 minutes was 7.
The infants fell into two groups according to age at presentation (Table 1) . Sixteen (73070) presented less than 24 hours after birth and form the basis for this study. Fifteen out of 16 required endotracheal intubation within four hours of birth. The mean times of this group from birth to arrival at PMH and birth to operating theatre were 5.6 and 8 hours respectively. The times are a function of the geographical separation of birth place from PMH but the mean stabilisation period in PMH pre-operatively was 2.4 hours. The mean postoperative ventilation period was 8.7 days for 14 patients receiving intermittent mandatory ventilation.
The second group of six infants were late presenters, presenting from 18 days to two years. This group all did well, with no deaths and no postoperative complications, including persistent foetal circulation.
Ten documented episodes of persistent foetal circulation occurred postoperatively in seven babies at intervals of from three hours to 13 days postoperatively ( Table 2 ). Diagnosis of PFC was made clinically in most cases on the evidence of difficult ventilation associated with deteriorating blood gases and acidosis, and a clinical patent ductus arteriosus. Three infants had documented pre-and post-ductal blood gases prior to treatment with a P02 differential, while two infants (8 and 9, Table 1 ) had echocardiographic evidence of PFC.
Six episodes of PFC were treated with hyperventilation by hand bagging for periods of from 10 minutes to 2 hours ( Table 2) . One episode was treated with hyperventilation during a tolazoline infusion. There was significant improvement in post-treatment oxygenation in five out of six cases (83070) with no complications. Hand bagging was commenced early in all cases, as soon as there was deterioration in the blood gases.
Tolazoline was given as a bolus in three episodes of PFC and as an increase in the tolazoline infusion rate in one case. There was a significant improvement in oxygenation in two out of four cases (50%) although in all cases there was a significant complication to tolazoline ( Table 2 ). All cases suffered moderately severe hypotension requlflng volume expansion and case 6 ( Table 1) also developed thrombocytopenia and necrotising enterocolitis which may have been related to this treatment.
Three infants were paralysed with pancuronium prior to, and during, episodes of PFC, while one infant had been on pancuronium some days before the episode of PFC ( Table 2 ). The influence of pancuronium could not be isolated.
Nine of our 16 infant patients presenting at less than 24 hours of age survived (56%). Two infants died prior to surgery with multiple gross anomalies (case 7 and 13), and one infant died postoperatively with inoperable hypoplastic left heart syndrome (case 6). All late presenting infants survived.
DISCUSSION
Infant birth characteristics and type of diaphragmatic hernia in Western Australia are consistent with findings from other parts of the Persistent foetal circulation is a well recognised complication of congenital diaphragmatic hernia, and is caused by a decreased cross-sectional area of the pulmonary vascular bed rather than hypoplasia of the lung and its airways. 5 Its diagnosis, in the clinical setting of a well-known predisposing condition such as diaphragmatic hernia, can be simple, ranging from the clinical appearance of a deteriorating ventilatory state with acidosis and a patent ductus without any overt cause. Or, it may be diagnosed on pre-and post-ductal oxygenation differences, response to hyperoxia-hyperventilation test, echocardiography or even catheterisation. However, in the face of a well-recognised predisposing entity associated with clinical findings and supportive blood gases, it is imperative in sick neonates that valuable time is not wasted on further investigations. 6 A 'honeymoon' period postoperatively before the onset of PFC is well documented 7 and has been claimed to be a good prognostic factor in survival from PFC. 8 All patients in this study had stable postoperative to PFC periods, the shortest being three hours, but three patients had episodes occurring 6, 9 and 13 days postoperatively. This demonstrates the slow resolution of the vascular lability in PFC and emphasises the need for caution and persistent close observation in these patients.
Treatments for PFC to date have largely centred around paralysis with manual hyperventilation and the use of pharmacological agents, including tolazoline, chlorpromazine, dopamine and sodium nitroprusside, to dilate the pulmonary vasculature. 9 Hyperventilation has been found an effective means of treatment. 9 ,IO,11 It can be effective where tolazoline and other drugs have failed, Hyperventilation may need to be prolonged. 12 Response to tolazoline is variable 6 but is frequently associated with significant sideeffects. 13 This study supports the efficacy of manual hyperventilation when this is commenced early, as soon as clinical diagnosis of PFC is made. Hyperventilation remains relatively free of complications while there is a considerable complication rate in cases treated with tolazoline. It should remain the first line of treatment in PFC, and prolonged periods of bagging may be required. Awareness of persistent foetal circulation as an important peri-operative complication in diaphramatic hernia and early institution of treatment is paramount.
